Solar Photovoltaic Systems




Worked for Austin Energy 14 years

SUN POWER
LELECTRIC

LA oA . . . g o gl

Designed many solar electric
Systems. Helped write IEEE
Standard for interconnection

Manager for Renewables for
CSG



We are an Energy Services Company

SUN POWER We operate a Non-profit
ELECTRILC

Com . e Solar Utility called Sun Power

We design and install commercial
scale PV systems




Three Important Things



1. What is Solar Electricity




How Solar Cells Work
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Single-Crystal Silicon

Poly-Crystal Silicon

Thin-films




Cell Market

Single Crystal Silicon
[15% Efficiency] Thin Films (Amorphous)
[6% Efficiency]

Poly-Crystal Silicon
[10-12% Efficiency]




How cells are made




Other types of cells




Some of the Manufacturers

Shell (previously Siemens) Solar
ASE Americas

BP Solar

Astropower

Kyocera

Evergreen Solar



Emerging Technologies



MW Shipped

U.S. Market Share of World Production
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¢ Array (690.2)

Photovoltaic Arrays




Solar Cell Summary

Cells continue to improve in efficiency
Manufacturing continues to improve

Use commercially available today’s systems
Most common use silicon cells



Balance of System Parts




Balance of System




Inverters




2 What you need to know to
Connect with the Local Electric
Utility




Requirements for Solar

| Photovoltaic System
_ Installations

¢ Permits




Example: Who Installs and
Inspects PV Systems in
Florida




Solar Photovoltaic System:
Advance Organizer
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Types of Interactive Solar
Photovoltaic Systems




Simple Utility-Interactive
PV System (no energy
storage)

AC Loads
PV Array Inverter/Power Distribution
Conditioner Panel
Electric
Utility




Utility-Interactive PV
System
| with Battery Storage

Backup
AC Loads

Primary
AC Loads
Critical Load Inverter/ :
Sub Panel Charger Main Panel
Battery Electric
PV A




= _ Inverters for PV Systems
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/’ Batteries for PV Systems
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Principal Standards for Solar
Photovoltaic Systems and
Equipment




Solar Photovoltaic System:
Applicable Codes by
Component
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PV Systems and the
National Electrical Code




Electrical Code
Compliance and
Equipment Listing




Utility Interconnection:
Typical Issues




Utility-Interactive PV System
No Battery Storage — Net
Metering

Customer
PV Array Electrical Loads
Customer
Inverter Electrical
Panel

Electric Utility
Network

Outdoor
Disconnect



Utility-Interactive PV System
with Battery Storage — Net
Metering

Customer

Backup Load PV Array
Customer
Sub Panel

Customer Primary
Electrical Loads

Inverter/
Charger

Customer
Main Electrical
Panel

Battery
Storage

>

Electric
Outdoor Utility
Disconnect Network
()



Elements of a Quality and
Code-Compliant PV System
Installation




PV System Code
Compliance:
Common Problem Areas




Photovoltaic System
Installation: Inspection
Checklist




Circuit Requirements for
PV Systems: Inspection
Checklist




Overcurrent Protection for
PV Systems: Inspection
Checklist




Disconnect Means for PV
Systems: Inspection
Checklist




Disconnect Means for PV
Systems: Inspection
Checklist (cont.)




PV System Wiring Methods:
Inspection Checklist




Grounding in PV Systems:
Inspection Checklist




Solar Photovoltaic System
Markings: Inspection Checklist




Connection to Other Sources:
Inspection Checklist




Batteries in PV Systems:
Inspection Checklist




Battery Charge Controllers:
Inspection Checklist




Reference Resources




References (cont.)




Systems in Texas




Solar Home — connected to
the Electric Utility — AC
Systems




Energy From Solar Electric System compared to
consumption in a typical Texas home
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Energy From Solar Electric System compared to

consumption in Efficient Home

lanll

Efficient 100 ft2 200 ft2 300 ft2 400 ft2
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Size of Solar Electric System
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Other
Systems in Texas







What is Watts On Schools?




Solar Energy Systems




Participating Schools
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... In Texas and some History



PV in Texas 1980 - 1995

Net Metering Bill Passed — Renewables
less than 50 kW allowed to net-meter

CSW: 225 kW at West Texas Solar Park

HL&P: Several off-grid and small
PV



SEDC Study in 1995
Texas Has Best Renewable
Potential

Renewable Energy Potential
top states in U.S.; in Quads
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Texas became a net importer
of energy in mid 1990’s

Texas Energy History
Quads (quadrillion BTUs) ;g

PRODUCTION
CONSUMPTION

1970 1980 1990 2000
Source:Railroad Commission,EIA



Utility Customer Surveys
1995-1996




Texas PV 1996 -2002

More market-based renewable programs and Green Power offerings:
Austin Energy — Solar Explorer and Green Choice
Green Mountain Energy/NUON have installed 3 large-scale systems
Residential and Commercial systems throughout the state
PV on Schools — AEP and State Program
Not much growth in Solar Water, or other technologies.



RENEWABLE ENERG

THE INFINITE POWER
OF TEXAS

Texas Renewable Energy
Education Campaign



Senate Bill 7 —
Utility Deregulation




Net Metering?




Energy Efficiency Rule




Texas -Distributed Generation
Rule




Design Assistance and other
Resources:




More Resources







